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(57) ABSTRACT

A pulse radar range profile motion compensation method (10)
comprises: acquiring receiver samples (12); acquiring an esti-
mate of the range rate of a target (14); removing an additional
phase acquired by the echo signals; removing a shift in range
cells of the receiver samples (18); applying a pulse Doppler
filter (22); identifying the peak Doppler frequency and cal-
culating a shift from zero of the peak Doppler frequency (24);
calculating a range rate correction (26); adding the range rate
correction to the estimate of the range rate and repeating the
removal of the additional phase (16) and the shift in range
cells (18), and using the new range rate estimate to obtain
motion compensated receiver samples (28); and generating
an output signal indicative of the motion compensated
receiver samples for generating a range profile (30).
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PULSE RADAR RANGE PROFILE MOTION
COMPENSATION

The invention relates to a pulse radar range profile motion
compensation method and to a method of providing a radar
range profile of a moving target.

There is a need for radar systems to offer non-cooperative
target recognition (NCTR) capability, in order to enable rapid
and reliable identification of targets. In practical terms, this
consists of a capability to generate High Range Resolution
(HRR) profiles of targets that are already being tracked. Fea-
ture extraction algorithms can then be applied to the HRR
profiles, which enable a classifier to identify a target in con-
junction with a database of known targets. The success of
NCTR capabilities is very much dependent on the quality of
the HRR profiles obtained for both reference targets and
during operation.

For a moving target, the motion of the target must be
corrected for prior to generating an HRR profile otherwise the
effect of the motion of the target on the radar echo signals will
result in the HRR profile being corrupted. Effects observed in
HRR profile of moving targets typically involve combina-
tions of peak broadening (which leads to loss of resolution),
range shifting of peaks and loss of dynamic range. Since the
target is already being tracked one method of compensating
for the motion of the target involves obtaining an estimate of
the target range rate from the radar tracker and using the range
rate estimate to apply motion compensation to receiver
samples obtained from the radar echo signals. However, even
a slightly incorrect target range rate can result in significant
corruption of the HRR profile of the target.

It is an object to provide an improved method of motion
compensation for pulse radar range profiles. It is a further
object to provide an improved method of providing a radar
range profile of a moving target.

According to a first aspect of the invention there is provided
a pulse radar range profile motion compensation method
comprising:

i. acquiring receiver samples of radar echo signals gener-
ated by a target moving at a range rate, R, and illumi-
nated during a look by a pulse radar signal having a
carrier frequency, f,., and comprising a plurality, P, of
pulses having a pulse repetition frequency, {55 ;

il. acquiring an estimate of the range rate of the target;

iii. removing an additional phase acquired by the echo
signals in dependence on the range rate and a time to a
pulse since the start of the look;

iv. removing a shift in range cells of the receiver samples in
dependence on the range rate and a time to a pulse since
the start of the look;

v. applying a pulse Doppler filter to the receiver samples;

vi. identifying the peak Doppler frequency corresponding
to a skin return of the target and calculating a shift from
zero,  , of the peak Doppler frequency;

3 pS
vii. calculating a range rate correction Av as

- —-p.
2

Av

viii. adding the range rate correction to the estimate of the
range rateto obtain a new range rate estimate and repeat-
ing steps iii. and iv. using the new range rate estimate to
obtain motion compensated receiver samples; and
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ix. generating an output signal indicative of the motion
compensated receiver samples for generating a range
profile.

The method is thus able to provide a range rate correction
to the target range rate enabling improved motion compensa-
tion to be applied to the receiver samples.

Preferably, the pulse radar signal comprises a frequency
coded waveform and following step iv. the method further
comprises applying a pulse compression to the receiver
samples, identifying a range cell corresponding to a maxi-
mum power of the pulse compressed receiver samples and,
for each pulse, selecting a receiver sample corresponding to
the identified range cell.

Preferably, the maximum power is identified across all
pulses, all frequency steps and all receiver samples. This takes
account of any potential interference effects between multiple
scatterers in the target which may produce a null at a particu-
lar frequency step.

The estimate of the range rate of the target is preferably
acquired from a radar tracker tracking the target. A good,
real-time estimate of the target range rate can therefore be
provided.

Preferably, step iii. comprises applying a complex multi-
plication of

Anfre .
exp( CfT tpR],

where t, is the time of a pulse p since the start of the look, to
the receiver samples.

Preferably, step iv. comprises generating a Fourier trans-
form of the receiver samples of step iii. and multiplying the
Fourier transform by a phase ramp corresponding to the target
range shift, 1/ztpR, since the start of the look and subsequently
generating an inverse Fourier transform of the Fourier trans-
formed receiver samples. A range walk correction of less than
a whole range cell can thus be applied.

In step v., the Doppler filter preferably comprises outputs at
Doppler frequencies in the range -Y2f,z. to Y2f - and
spaced by

Step v. preferably comprises multiplying the receiver samples
by a windowing function and generating a Fourier transform
of the resulting receiver samples. Preferably, the windowing
function comprises a low sidelobe Dolph-Chebychev win-
dowing function.

Preferably, the Fourier transforms comprise discrete Fou-
rier transforms.

Preferably, the magnitude of the range rate correction, Av,
does not exceed

frrr
2Pfr

The radar signal preferably comprises a stepped-frequency
waveform comprising a second plurality, Q, of frequency
steps, each frequency step comprising a said plurality, P, of
pulses. The motion compensation is thus able to be performed
within a single frequency step.
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Preferably, step iii. comprises applying a complex multi-
plication of

Arfre .
exp( CfT tqu],

wheret__isthetimeofapulsep ofa frequency step q since the
start of the look, to the receiver samples.

Preferably, step iv. comprises multiplying the Fourier
transform by a phase ramp corresponding to the target range
shift, V2t R, since the start of the look.

Prefera%ly step v. further comprises averaging the Doppler
filter output over the frequency steps and step vi. comprises
identifying the peak Doppler frequency by interpolating the
averaged Doppler filter output in the region

_ 2ferr © 2 frrr
P P

Looking for the peak Doppler frequency in this restricted
region reduces the possibility of the peak Doppler frequency
being incorrectly identified as a jet engine modulation Dop-
pler frequency in the Doppler filter output.

Step viii., preferably comprises:

a) adding the range rate correction to the estimate of the
range rate to obtain a new range rate estimate;

b) repeating steps iii. to vii. using the new range rate esti-
mate and a) one or more times to produce a final range
rate correction;

¢) adding the final range rate correction to the estimate of
the range rate to obtain a final range rate estimate; and

d) repeating steps iii. and iv. using the final range rate
estimate to obtain motion compensated receiver
samples.

The range rate correction can therefore be iteratively deter-

mined to obtain a more accurate range rate estimate.

According to a second aspect of the present invention there

is provided a method of providing a radar range profile of a

moving target, the method comprising:

a. generating and transmitting a pulse radar signal to the
target, the pulse radar signal having a carrier frequency,
f,, and comprising a plurality, P, of pulses having a

pulse repetition frequency, oz

b. receiving corresponding radar echo signals from the
target and sampling the echo signals to generate receiver
samples corresponding to the pulses;

¢. acquiring an estimate of the range rate of the target;

d. removing an additional phase acquired by the echo sig-
nals in dependence on the range rate and a time to a pulse
since the start of the look;

e. removing a shift in range cells of the receiver samples in
dependence on the range rate and a time to a pulse since
the start of the look;

f. applying a pulse Doppler filter to the receiver samples
from step e.;

g. identifying the peak Doppler frequency corresponding
to a skin return of the target and calculating a shift from
zero, f,,, of the peak Doppler frequency;

h.

i. calculating a range rate correction Av as

—CfD_

Avx ——;
2fre
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j. adding the range rate correction to the estimate of the
range rateto obtain a new range rate estimate and repeat-
ing steps d. and e. to obtain motion compensated
receiver samples; and

k. generating a high range resolution profile of the target
from the motion compensated receiver samples.

The method enables a radar range profile to be generated of

a moving target with improved motion compensation and
therefore less corruption in the HRR profile.

Preferably, the pulse radar signal comprises a frequency
coded waveform and following step e. the method further
comprises applying a pulse compression to the receiver
samples, identifying a range cell corresponding to a maxi-
mum power of the pulse compressed receiver samples and,
for each pulse, selecting a receiver sample corresponding to
the identified range cell.

Preferably, the maximum power is identified across all
pulses, all frequency steps and all receiver samples. This takes
account of any potential interference effects between multiple
scatterers in the target which may produce a null at a particu-
lar frequency step.

The estimate of the range rate of the target is preferably
acquired from a radar tracker tracking the target. A good,
real-time estimate of the target range rate can therefore be
provided.

Preferably, step d. comprises applying a complex multipli-
cation of

Anfre
exp( ﬂfT tpR],

where t,, is the time of a pulse p since the start of the look, to
the receiver samples.

Preferably, step e. comprises generating a Fourier trans-
form of the receiver samples of step d. and multiplying the
Fourier transform by a phase ramp corresponding to the target
range shift, 1/thR, since the start of the look and subsequently
generating an inverse Fourier transform of the Fourier trans-
formed receiver samples. A range walk correction of less than
a whole range cell can thus be applied.

In step f., the Doppler filter preferably comprises outputs at
Doppler frequencies in the range -2 {5 to V2 {5 and
spaced by

Step g. preferably comprises multiplying the receiver
samples by a windowing function and generating a Fourier
transform of the resulting receiver samples. Preferably, the
windowing function comprises a low sidelobe Dolph-Cheby-
chev windowing function.

Preferably, the Fourier transforms comprise discrete Fou-
rier transforms.

Preferably, the magnitude of the range rate correction, Av,
does not exceed

frrr
2Pfr

The pulse radar signal preferably comprises a stepped-
frequency waveform comprising a second plurality, Q, of
frequency steps, each frequency step comprising a said plu-
rality, P, of pulses. The motion compensation is thus able to be
performed within a single frequency step.
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Preferably, step d. comprises applying a complex multipli-
cation of

wheret,, is the time of a pulse p ofa frequency step q since the
start of the look, to the receiver samples.

Preferably, step e. comprises multiplying the Fourier trans-
form by a phase ramp corresponding to the target range shift,
Y, qR, since the start of the look.

Preferably step f. further comprises averaging the Doppler
filter output over the frequency steps and step g. comprises
identifying the peak Doppler frequency by interpolating the
averaged Doppler filter output in the region

2ferr _ 2frrr
- to .
P P

Looking for the peak Doppler frequency in this restricted
region reduces the possibility of the peak Doppler frequency
being incorrectly identified as a jet engine modulation Dop-
pler frequency in the Doppler filter output.

Step 1., preferably comprises:

1. adding the range rate correction to the estimate of the
range rate to obtain a new range rate estimate;

2. repeating steps d. to h. using the new range rate estimate
and 1. one or more times to produce a final range rate
correction;

3. adding the final range rate correction to the estimate of
the range rate to obtain a final range rate estimate; and

4. repeating steps d. and e. using the final range rate esti-
mate to obtain motion compensated receiver samples.

The range rate correction can therefore be iteratively deter-
mined to obtain a more accurate range rate estimate and an
improved HRR profile can be provided.

Embodiments of the invention will now be described in
detail, by way of example only, with reference to the accom-
panying drawings, in which:

FIG. 1 shows the steps of a pulse radar range profile motion
compensation method according to a first embodiment of the
invention;

FIG. 2 shows the steps of a pulse radar range profile motion
compensation method according to a second embodiment of
the invention;

FIG. 3 shows (a) a Doppler filter output of receiver samples
from a target illuminated with a frequency coded waveform
pulse radar signal comprising 32 frequency steps of 32 pulses
and (b) a high resolution range (HRR) profile of the target
generated from the receiver samples, without motion com-
pensation;

FIG. 4 shows (a) a Doppler filter output of receiver samples
from a target illuminated with a pulse radar signal comprising
32 frequency steps of 32 pulses and (b) a high resolution
range (HRR) profile of the target generated from the receiver
samples, with motion compensation applied; and

FIG. 5 shows the steps of a method of providing a radar
range profile of a target according to a third embodiment of
the invention.

A first embodiment of the invention provides a pulse radar
range profile motion compensation method 10 having the
steps shown in FIG. 1.
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The method 10 comprises:

1. acquiring receiver samples of radar echo signals 12 gen-
erated by a target moving at a range rate, R, and illumi-
nated during a look by a pulse radar signal having a
carrier frequency, f,,, and comprising a plurality, P, of
pulses having a pulse repetition frequency, frzz

ii. acquiring an estimate of the range rate of the target 14;

iii. removing an additional phase acquired by the echo
signals in dependence on the range rate and a time to a
pulse since the start of the look 16;

iv. removing a shift in range cells of the receiver samples in
dependence on the range rate and a time to a pulse since
the start of the look 18;

v. applying a pulse Doppler filter to the receiver samples
from step iv. 22;

vi. identifying the peak Doppler frequency corresponding
to a skin return of the target and calculating a shift from
zero, T, of the peak Doppler frequency 24;

vii. calculating a range rate correction Av as

-dfp

Avx
27

26;

viii. adding the range rate correction to the estimate of the
range rateto obtain a new range rate estimate and repeat-
ing steps iii. and iv. using the new range rate estimate to
obtain motion compensated receiver samples 28; and

ix. generating an output signal indicative of the motion
compensated receiver samples for generating a range
profile 30.

It will be appreciated that the method 10 may be used to
effect motion compensation for a moving target illuminated
with any pulse radar signal for which the carrier frequency
and phase do not vary over the pulses, P, used to implement
the method 10. The method 10 may be used for both short
pulses and frequency coded waveforms.

A second embodiment of the invention provides a pulse
radar range profile motion compensation method 40 having
the steps shown in FIG. 2. The method 40 is substantially the
same as the method 10 of FIG. 1, with the following modifi-
cations. The same reference numbers are retained for corre-
sponding features.

In this embodiment, the radar signal comprises a stepped-
frequency signal comprising a second plurality, Q, of fre-
quency steps, each comprising the said plurality, P, of pulses.
The radar signal comprises a frequency coded waveform in
this example, with the pulses being chirp pulses. The receiver
samples comprise complex receiver samples.

The motion compensation method 40 is performed on the
pulses of a single frequency step.

The range rate estimate is acquired from a radar tracker
unit, which will typically provide a range rate estimate that is
correct to within a few meters per second.

Step iii. comprises applying a complex multiplication 42 of

anfr .
exp( anT tqu]

to the receiver samples. t,, identifies a pulse a pulse p of the
said plurality, P, of pulses of a frequency step q of the second
plurality, Q, of frequency steps in terms of the timing of pulse
since the start of the look. This corrects for phase walk of the
pulses.
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Step iv. comprises multiplying the Fourier transform
resulting from step iii. by a phase ramp corresponding to the
target range shift, 1/ztqu, or a pulse p of frequency step q
since the start of the look 44. This corrects for range walk of
the receiver samples and enables range walk of less than a
whole range cell to be corrected for.

Following step iv. the method 40 of this embodiment fur-
ther comprises applying a pulse compression to the receiver
samples. This signal processing method will be well know to
the person skilled in the art and so it will not be described in
detail here. The method 40 further comprises identifying a
range cell corresponding to a maximum power of the pulse
compressed receiver samples and, for each pulse, selecting a
receiver sample corresponding to the identified range cell 20.

The maximum power is taken over all pulses, all frequency
steps and all receiver samples to take account of any interfer-
ence effects between multiple scatterers in the target which
can result in a null at a particular frequency step. For each
pulse and frequency step a receiver sample is selected from
the vector of receiver samples at the range cell corresponding
to the maximum power. The selected samples are formed into
a PxQ matrix.

The Doppler filtering step 46 of this embodiment com-
prises multiplying the matrix of receiver samples by a win-
dowing function and subsequently generating a Fourier trans-
form of the resulting windowed set of receiver samples. The
windowing function comprises a Dolph-Chebychev window-
ing function having low sidelobes, of the order of 40 dB. The
Doppler filter provides outputs at Doppler frequencies in the
range —%2 {510 V5 5, and spaced by

fPRF
P

The Doppler filter output is averaged over the frequency
steps and the peak Doppler frequency is identified 24 by
interpolating the averaged Doppler filter output in the region

2ferr _ 2frrr
- to .
P P

Looking for the peak Doppler frequency in this restricted
region reduces the possibility of the peak Doppler frequency
being incorrectly identified as a jet engine modulation (JEM)
Doppler frequency in the Doppler filter output.

Within the selected region the peak Doppler frequency is
assumed to correspond to the skin return of the target and
therefore the peak Doppler frequency can be used to deter-
mine the range rate correction.

Step viii. corresponds to a single iteration of calculating a
range rate correction and a corrected range rate estimate. The
method 40 may be extended to include one or more additional
iterations, with the following steps:

a) adding the range rate correction to the estimate of the

range rate to obtain a new range rate estimate;

b) repeating steps iii. to vii. using the new range rate esti-
mate and a) one or more times to produce a final range
rate correction;

¢) adding the final range rate correction to the estimate of
the range rate to obtain a final range rate estimate; and

d) repeating steps iii. and iv. using the final range rate
estimate to obtain motion compensated receiver
samples.
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The range rate correction can therefore be iteratively deter-
mined to obtain a more accurate range rate estimate.

The receiver samples form a discrete series and it will
therefore be appreciated that discrete Fourier transforms and
inverse discrete Fourier transforms are used.

FIGS. 3 and 4 illustrate the improvement in an HRR profile
which may be obtained by using the method 40. In this
example, a moving target is illuminated in both instances with
a stepped-frequency pulse radar signal having a starting car-
rier frequency, ., of 2708.2 MHz, a frequency step, Af, of
3.2 MHz, and a pulse repetition frequency, f,5 -, of 2.5 kHz.
The pulse radar signal comprises 32 frequency steps, Q, each
comprising 32 pulses, P, each pulse having a chirp bandwidth,
B, of —4.5 MHz and a duration, <, 0of 25.6 ps.

FIG. 3(a) shows the Doppler filter output 50 from step v.,
the receiver samples being processed by applying steps i. to v.
and ix., i.e. the steps of the method 40 without applying steps
vi. to viii. to calculate a range rate correction. It can be seen
that the skin return 52 is offset from 0 Hz, which is where the
skin return would be located if the target was not moving.
JEM lines 54 are clearly visible above and below the skin
return.

FIG. 3(b) shows a Classical HRR profile 56 obtained from
the receiver samples obtained after the Doppler filtering step.
As canbe seen, the HRR profile is significantly degraded. The
method of producing a Classical HRR profile will be well
known to the person skilled in the art and so it will not be
described in detail here.

FIG. 4(a) shows the Doppler filter output 60 from step v.
following application of steps i. to viii. of the method 40, that
is to say, following correction of the range rate estimate. The
skin return 62 is clearly centred about 0 Hz. JEM lines 64 are
again visible above and below the skin return.

FIG. 4() shows a Classical HRR profile 66 generated from
the output signal of step ix. of the method 40. As can be seen,
the HRR profile is much improved as compared to that shown
in FIG. 3(b) and the method 40 has clearly compensated for
bulk motion of the target.

The steps of a method 70 of providing a radar range profile
of a moving target according to third embodiment of the
invention are shown in FIG. 5. The method 70 comprises
many of the steps of the pulse radar range profile motion
compensation method 10 of FIG. 1 and the same reference
numbers are retained for corresponding steps.

The method 70 comprises the steps:

a. generating and transmitting a pulse radar signal to the
target 72, the pulse radar signal having a carrier fre-
quency, f,., and comprising a plurality, P, of pulses
having a pulse repetition frequency, {rz;

b. receiving corresponding radar echo signals from the
target and sampling the echo signals to generate receiver
samples corresponding to the pulses 74;

c. acquiring an estimate of the range rate of the target 14;

d. removing an additional phase acquired by the echo sig-
nals in dependence on the range rate and a time to a pulse
since the start of the look 16;

e. removing a shift in range cells of the receiver samples in
dependence on the range rate and a time to a pulse since
the start of the look 18;

f. applying a pulse Doppler filter to the receiver samples
from step e. 22;

g. identifying the peak Doppler frequency corresponding
to a skin return of the target and calculating a shift from
zero, 1, of the peak Doppler frequency 24;
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h. calculating a range rate correction Av as

—cfp 26;
Tx

Avx

—-

. adding the range rate correction to the estimate of the
range rateto obtain a new range rate estimate and repeat-
ing steps d. and e. to obtain motion compensated
receiver samples 28; and

j. generating a high range resolution profile of the target

from the motion compensated receiver samples 76.

It will be appreciated that the method 70 of this embodi-
ment may alternatively comprise the steps of the pulse radar
range profile motion compensation method 40 of FIG. 2.

The method 70 of this embodiment is used to generate the
HRR profile of FIG. 4(b).

The invention claimed is:

1. A pulse radar range profile motion compensation method
implemented by a radar system comprising a processor, a
radar transmitter and a radar receiver, the method comprising:

i. acquiring, from the radar receiver, samples of radar echo
signals generated by a target moving at a range rate, R,
and illuminated during a look by a pulse radar signal,
transmitted from the radar transmitter having a carrier
frequency, f,., and comprising a plurality, P, of pulses
having a pulse repetition frequency, frz;

il. acquiring from a radar tracker tracking the target an
estimate of the range rate of the target;

iii. removing, using the processor, an additional phase
acquired by the echo signals in dependence on the esti-
mated range rate and a time to a pulse since the start of
the look;

iv. removing, using the processor, a shift in range cells of
the receiver samples in dependence on the estimated
range rate and a time to a pulse since the start of the look;

v. applying, using the processor, a pulse Doppler filter to
the receiver samples from step iv;

vi. identifying, using the processor, the peak Doppler fre-
quency corresponding to a skin return of the target and
calculating a shift from zero, f,,, of the peak Doppler
frequency;

vii. calculating, using the processor, a range rate correction
Av as

- —-p.

Av =z ;
2 frx

viii. adding, using the processor, the range rate correction
to the estimate of the range rate to obtain a new range rate
estimate and repeating steps iii. and iv. using the new
range rate estimate to obtain motion compensated
receiver samples; and

iX. generating, using the processor, an output signal indica-
tive of the motion compensated receiver samples for
generating a range profile.

2. A pulse radar range profile motion compensation method
as claimed in claim 1, wherein the pulse radar signal com-
prises a frequency coded waveform and following step iv. the
method further comprises applying a pulse compression to
the receiver samples, identifying a range cell corresponding
to a maximum power of the pulse compressed receiver
samples and, for each pulse, selecting a receiver sample cor-
responding to the identified range cell.
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3. A pulseradar range profile motion compensation method
as claimed in claim 2, wherein the radar signal comprises a
stepped-frequency waveform comprising a second plurality,
Q, of frequency steps, each frequency step comprising a said
plurality, P, of pulses.

4. A pulse radar range profile motion compensation method
as claimed in claim 3, wherein step iii. comprises applying a
complex multiplication of

(4” frx
exp|

1R
cpq]’

wheret,  is the time of a pulse p of a frequency step q since the
start of the look, to the receiver samples.

5. A pulse radar range profile motion compensation method
as claimed in claim 3, wherein step iv. comprises generating
a Fourier transform of the receiver samples of step iii and
multiplying the Fourier transform of the receiver samples by
a phase ramp corresponding to the target range shift, }4t,, qR,
since the start of the look, where t,,, is the time of a pulse p of
a frequency step q since the start of the look.

6. A pulse radar range profile motion compensation method
as claimed in claim 3, wherein the maximum power is iden-
tified across all pulses, all frequency steps and all receiver
samples.

7. A pulse radar range profile motion compensation method
as claimed in claim 3, wherein step v. further comprises
averaging the Doppler filter output over the frequency steps
and step vi. comprises identifying the peak Doppler fre-
quency by interpolating the averaged Doppler filter output in
the region

2ferr  2fPrF
- to
P P

8. A pulse radar range profile motion compensation method
as claimed in claim 1, wherein step iii. comprises applying a
complex multiplication of

where t,, is the time of a pulse p since the start of the look, to
the receiver samples.

9. A pulse radar range profile motion compensation method
as claimed in claim 1, wherein step iv. comprises generating
a Fourier transform of the receiver samples of step iii. and
multiplying the Fourier transform of the receiver samples by
a phase ramp corresponding to the target range shift, 1/ztpR,
since the start of the look and subsequently generating an
inverse Fourier transform of the Fourier transformed receiver
samples, where t, is the time of a pulse p since the start of the
look.

10. A pulse radar range profile motion compensation
method as claimed in claim 9, wherein the Fourier transform
comprises a discrete Fourier transform.

11. A pulse radar range profile motion compensation
method as claimed in claim 1, wherein in step v., the Doppler
filter comprises outputs at Doppler frequencies in the range
—Votp g t0 Yol ppp and spaced by
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12. A pulse radar range profile motion compensation
method as claimed in claim 11, wherein step v. comprises
multiplying the receiver samples by a windowing function
and generating a Fourier transform of the resulting receiver
samples.

13. A pulse radar range profile motion compensation
method as claimed in claim 12, wherein the windowing func-
tion comprises a low sidelobe Dolph-Chebychev windowing
function.

14. A pulse radar range profile motion compensation
method as claimed in claim 1, wherein the range rate correc-
tion, Av, does not exceed

frrr
2Py,

15. A pulse radar range profile motion compensation
method as claimed in claim 1, wherein step viii. comprises:

a) adding the range rate correction to the estimate of the
range rate to obtain a new range rate estimate;

b) repeating steps iii. to vii. using the new range rate esti-
mate and a) one or more times to produce a final range
rate correction;

¢) adding the final range rate correction to the estimate of
the range rate to obtain a final range rate estimate; and

d) repeating steps iii. and v. using the final range rate
estimate to obtain motion compensated receiver
samples, wherein

the range rate correction is iteratively determined to obtain a
more accurate range rate estimate.

16. A method of providing a radar range profile of a moving
target implemented by a radar system comprising a processor,
a radar transmitter and a radar receiver, the method compris-
ing:
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a. generating and transmitting a pulse radar signal from the
radar transmitter to the target, the pulse radar signal
having a carrier frequency, f,, and comprising a plural-
ity, P, of pulses having a pulse repetition frequency, {55 -

b. receiving corresponding radar echo signals from the
target by the radar receiver and sampling the echo sig-
nals to generate receiver samples corresponding to the
pulses;

c. acquiring from a radar tracker tracking the target an
estimate of the range rate of the target;

d. removing, using the processor, an additional phase
acquired by the echo signals in dependence on the esti-
mated range rate and a time to a pulse since the start of
the look;

e. removing, using the processor, a shift inrange cells of the
receiver samples in dependence on the estimated range
rate and a time to a pulse since the start of the look;

f. applying, using the processor, a pulse Doppler filter to the
selected receiver samples from step e.;

g. identifying, using the processor, the peak Doppler fre-
quency corresponding to a skin return of the target and
calculating a shift from zero, f,,, of the peak Doppler
frequency;

h. calculating, using the processor, a range rate correction
Av, as

- —-p.

Av =z ;
2 frx

i. adding, using the processor, the range rate correction to
the estimate of the range rate to obtain a new range rate
estimate and repeating steps d. and e. to obtain motion
compensated receiver samples; and

j. generating, using the processor, a high range resolution
profile of the target from the motion compensated
receiver samples, wherein the target is identified based
on the high range resolution profile.
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